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This study attemptz /__Jdactors that could affect traffic sign
visibility, which can be ma= __ ; . - distance when driving at night. Such
factors may be due to ph g A\ moivpes of vehicle, and characteristics
of road users. Significags RSN 15 in Thailand are identified. The
findings would help deve; LS NS for installation of traffic signs so
that such road furnituf® ¢ o AN NN O road users, particularly on the
= ) : "nvestigated, i.e., types of vehicles,

coefficient of retroreflecti#ly MFivip#i= ic signs, and characteristics of road
users. Systematic experimen’al ;ﬂ stuly these effects on legibility distance.
Subjects were recruited from ragdiaatiist s ze groups. The controlled variables in the
experiment consist Chw Z 3 e, and time of the day during
the experiment. Fin , Yo pI I ided statistically longer legibility

distances and detectionI Gistances than the motorcycle. Coe icient of Retroreflection and Sign
[
height was sigps ﬂﬁmﬁmﬂ igg¢ sign. The researcher also
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35197 2.7 UszianiheasesazRouuasniuuinigiu ASTM (ASTM, 2008) (#0)
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permanent highway signing,
Super-high-
X construction zone devices,
intensity
and delineators

17: Standard Specification f e e Traffic Control, ASTM specification

D4956 (2008).
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Observer

Auto Headlights (various)

L)jaque
i) reen

]

Q"Wﬁ AINTUANIINYIAY o

Sign
{various)

() MDY

517 2.27 madszdiumsuaumsagfoundeluiol §iians (Lagergren, 1987)



59

Stationary car with observers

Opaque [

519 2.28 msalszaidnn

U

Stationary distance 200' - 300",
moving speed 35 mph

517 2.29 MsdsglumsuAUM AL ROULAIUUDUUYDIS§I0FIAU (Lagergren, 1987)
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Individual
Observer Total Correct Percent
Decision Sign | decisions | Correct
Replace
Model

Warning Sign A e ' R6 64 74

Stop Sign | 14%% Y )4 36 82
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i |
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| 7 ‘ H
Paniati 118y Md&% (1993) TAANEIN NN AT AL O AU

S 0712200 1131/ L1
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1 o ] o aq eqs 2
iaag MRVD Tﬂﬂl%&!ﬂﬂﬁnﬁ’ﬂﬂﬂ'ﬁﬂ’ﬂﬂlﬂu (DETECT, visibility model) 1131893 CARTS

o 1 . 1 1 < o A 1
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TRV ﬁfﬂﬂﬂ’e‘]uqGUENN“ll‘mmulﬂﬁﬂyma‘;m"lﬂimﬁlum'i‘wmmmmcnmi’s’fzﬂﬂuu’dwu

/ﬁ?m%"u‘ﬂw%imiqq (Overhead Sign)

Carlson 118 Hawki- | 3o mJ--"insmummsﬁmauummummm
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M swdannsatheeses

Paniati 18% Mace (195790 " et i | ’, s alaeumlaaunaTulad liueh
5R8UA VNATZIANTDEL N w nnlde19 lulanumunzay Tag
o L [ ‘v \ \ H
MTWAUBAUN 1HNUDS Cgls @ \\ 84 TTI MR Model Nniaunlag
. , _ N\
Texas Transportation — In A IAYNY 4 Jadalunismivua
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HUVINADINTAE ’é]ul.l,u\i“ s dda [ A2\ N‘Hﬁl'l'iﬂﬁluﬂ Usznnuazauia

¢ o Yo A d = =2 Y 7 Y
INYUAN aﬂyng ‘]Jsllﬂa'Nﬂ‘L' ﬂWSﬁﬂH'Ii]\illﬂlﬂm“ﬂﬂ'liﬁgﬂﬁlullﬁﬂ
v

611‘1/“3]']“1]’65]\1

ﬂ1ﬂ%§1%5llﬂﬂﬂi°’m1’llm°’ U LEAIAIAIT 1N 2.15

A " -lL
AN 2.15 INUNATY

(Carlson tta¥ Hawkins, ;I 3a,

A 4

Sign Color_

White on Reéd

i
Black%n White
| Overhead | */7 | *I/15 | *//25 | 250 // 25
White on Green
Shoulder | *//7 120 //15

NOTE: Levels in cells represent legend retroreflectlwty background retroreflectivity (for
positive contrast signs). Units are cd/Ix/m* measured at an observation angle of 0.2°and
an entrance angle of -4.0°

1. Minimum Contrast Ratio > or = 3:1 (white retroreflectivity + red retroreflectivity).
2. For all bold symbol signs and text signs measuring 48 inches or more.

3. For all fine symbol signs and text signs measuring less than 48 inches.

* (Sheeting Type should not be used.)
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A ' Y A o o @ Y A o ° A A A g
AT NN 2.16 fnﬂ’]ﬁﬁgcﬂi’)uuﬁ\iﬂllugu']ﬁ'lﬁﬁﬂﬂ']ﬂlﬁﬂu DAHIAMUVUNULNADINITDAN

(Paniati 48 Mace, 1993)

Legend
Bold Symbol 20 25
30 35
) 4 35 45
Fine Symbol and Wor 4"
/ 45 55
60 70
A15199 2.17 MMsa e i"a 118 Mace, 1993)

4 o

J : - y
o C<122em. _ 9lem & >76cm & o
= RAGNNAUNANING QY -

cm <122 cm cm >76 cm
q
Color W R W R W R W R W R W R

All Signs 35 8 45 8 50 8 25 5 30 5 35 5




H H ¥
A13199 2.18 ﬂ']ﬂ'l'iﬁ&’ﬁ}ﬂullﬁﬂﬁLlug‘lhﬁ"lﬂ'i‘]ﬁj'lﬂ‘lﬂﬂ‘u BNYIANI OAALUAIUUNUYI

(Paniati (tag Mace, 1993)

Traffic 72 km/h (45 m/h) 64 km/h (40 m/h)

Speed or greater or less

>122 cm >122 cm 76-91 cm <61 cm

Sign Size
(30-36 in) (24 in)
Material
| 25 30
II 30 35
111 40 45
V&V 50 60
15197 2.19 ﬂ'TﬂTiﬁ v )it

(Paniati (tag Mace, 199 ~

Ground-Mounted 35 7 25 5

Note: All table values are in cd/Ix/m’. Since both the legend and the background of these signs

are retroreflective, a minimum contrast ration of 4:1 should be maintained
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LL‘UQL‘]JLI 39U ]’lﬂl,!ﬂ Lﬂm‘VFT'IWS‘Uﬂ'IEJLLu“u'ﬁ]viﬁQ (Overhead Guide Sign) ag “]J'IEJ"]f?Jﬂuu
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ﬂ'IS’G’f‘”‘VIE]HLLﬁQ"]Jﬂ@]'IEU’EN‘]J'IEJLm H'ILLQ@J'IEJ"HEJOHHVIWUK‘NLLZ‘] LL‘U‘U‘LW’\IL! @NWHN‘VI 2.20

RO MTINTARE I I ON AR IR

(Carlson nag Hawkins, 2003b)

. » Sheeting Type (ASTM D4956-01a)
Sign Color Position
| I m | v | v | X
White-on-green guide | Overhead | *//7 | *//15 | *// 25 250 // 25
signs or street-name
signs Shoulder | *//7 120 // 15

Note: The levels in the cells represent legend retroreflectlwty // background retroreflectivity
(for positive-contrast signs). Units are cd/lx/m® measured at an observation angle of 0.2°
and an entrance angle of -4.0°.
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95195 AVNVUNUUUIY (white on blue) HAZFAVIVUNUEIA (White on brown) Futluihe

Tdusmsdeyaundiauniaaz 1ddeyagaivounemsogaiausssuiiiauly Tagld
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HUVIIABY TTI MR Model i¥1@gnnumsanyineus uaan1uidseil lamintadsaiuanuda

Y Aa 1 . o 1%
e (Glare) GIIEN!L?NthTiuﬁﬂ!LﬁZthUuﬂuuﬂiJWﬁﬁﬂ Luminance GI,HLLTJTJMﬁEJQﬂQﬁiJﬂ"Ii

< SE,
9.5 _,

v, streetlight

+L

v, headlamp

) a X ¥ 4
@Q‘]Jwﬂimiﬁﬂlnuuwummu

a A a 4
(White on blue) Lasd A} Do AN a UM 1N URNS

!

%

9 Y A
ﬁ'%ﬂﬂullﬁﬁﬂl@ﬂﬂw%ﬂ%‘ 199N 2.21

5 ulolick 1ag Carlson, 2008)

Sign Color ) Prismatic Sheeting Additional
| % ¥ SVIRVIIRVITTH Criteria
White on o
o W5 G2/ = = 250; G 2 25 Overhead
g'iqe.ten | “ﬂ
orwhite on . - Ground
blue W= 120’ G215 mounted
White on &5 rrad0n Overhead
brown ' Ground

mounted

Black on

G— —

yollo Y5, 0 "1 Y = 50; (ESO Qs (1)
SR RARINIUURAGNYAL]| -
orangrﬂ_,, I 1 1 o b I I
White o .

red W=235R>7 (3)
Black on

white W=50 ]

The minimum MR levels shown in this table are in units of cd/Ix’m” measured at an observation angle of
0.2°and an entrance angle of-4.0°.

(1) For text and fine symbol signs measuring at least 1,200 mm (48 inches) and for all sizes of bold
symbol signs.

(2) For text and fine symbol signs measuring less than 1,200 mm (48 inches).

(3) Minimum Sign Contrast Ratio > 3:1 (white retroreflectivity + red retroreflectivity).

* This sheeting type should not be used for this color for this application.
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il auunnsgu 4722 | 4753 | 5879 | 3837 | 44.03 4194 | 5110 | 7514 | 7673 | 5660 | 73.00 | 7530

Q@
manulsdsm 222937 | 2259.36 | 3456.42 | 1472.59 | 193 ol 71 ﬂwwl 1‘sz‘ ﬂ ' 1759.27 | 2611.07 | 5646.54 | 5886.81 | 3203.34 | 5341.83 | 5669.51
1 = 1
Kurtosis 0.81 -0.93 -0.57 1.76 03| -0.87 0.42 0.79 0.51 -0.12 -0.21 1.10 -0.96 -0.63 0.18 -0.85 0.29 0.29
¢ = o
Skewness 0.86 0.38 -0.54 Lﬂ_maﬁ_ﬂm ﬁq w Woi -0.05 0.31 -0.31 -0.32 0.11 0.44
| =

€€l
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ﬂﬁN‘ﬁ 4.10 HANITNATDUAITZYILNITUDIUN U (Leglblhty Distance) ¢ '50,!,5]1/]%/]181%51%5 ﬂszmmmuwmuz uazizﬂmmqumi’ﬂw

Uszaniheases Themanengéan fhedvanannds

Usziamenumnug s09NsEIUEUA soguGTIMYAND 599NsEUEUA soguATIUYAND
izﬁummg& (A7) 0 1.5 3 0 1.5 3 0 1.5 3 0 1.5 3
$mau 27 27 27 27 27 27 27 27 27 27 27 27 27
Aunae 81.96 114.59 129.83 | 118.52 | 123.27 148.46 86.48 102.58 86.47 111.66 105.36 107.68
d]ﬁﬁﬂﬁ]u 75.00 102.78 126.67 | 117.89 | 131.00 150.67 80.33 96.67 81.44 123.83 103.70 96.72
! 4‘
mmandeu

.4 6.93 8.07 9.94 4.69 8.21 6.78 10.09 11.20 11.10 7.58 9.85 14.16
MATFIHVRIAINTY
d]g‘hqﬂ 12.00 37.78 60.33 73.33 58.33 . e : 5239 83.22 7.78 16.17 8.67 45.00 34.11 13.83
ﬂ'Tt;Nqﬂ 150.50 193.33 236.67 | 153.61 | 238.89 ‘ . r‘ 3 228.06 187.22 247.78 200.00 187.17 210.56 366.56
. ]
e 138.50 155.55 176.34 80.28 180.56 - . 112.94 144.84 179.44 231.61 191.33 142.17 176.45 352.73
ﬁnﬁmmummgm 36.03 41.94 51.64 24.37 42.67 52.52 35.22 52.44 58.21 57.68 39.38 51.21 73.59
manumlsisiu 1298.45 | 1759.13 | 2666.34 | 594.08 2?8])7?1240.74 2749.86 | 3387.93 | 3327.34 | 1550.57 | 2622.17 | 5415.80
Kurtosis -0.49 -0.74 -0.60 -0.99 2.? 0.58 -0.83 0.46 -0.57 -0.94 -0.81 4.84
- ——

Skewness 0.37 0.45 0.52 -O.Q r‘m[]‘} 0.38 0.61 0.50 -0.12 0.37 1.76

yel
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AINN 4.11 KANMINATOVAITLIZNITATIVNY (Detection Distance)
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Uszaniheases Themanengéan fhedivanannds

Usziamenumnniae sa9nsENUBUA soBuATIMYAND sa9NIENUBUA saBUATIMYAAD
mmsazfiounad ML) | P | gaH) | M@ | pa M) | g9 A | gaE) | M@ | MO | gaH) | M@ | pa M) | g9
DRITEIY 27 27 27 27 27 27 27 27 27 27 27 27 27 27
Aundy 156.14 | 16395 | 193.17 | 16945 | 190.00 | 211.65 22531 | 249.06 | 13857 | 22803 | 259.92 | 138.06 | 230.96 | 260.08
AalsegIu 156.00 | 153.00 | 18220 | 17333 | 18231 | 208.67 22500 | 25433 | 139.11 | 224.00 | 256.67 | 13822 | 22233 | 256.11
Al d‘
MAmanaou

Do 10.74 10.52 1037 | 6.06 7.03 9.61 6.10 9.15 7.45 10.68 9.90 7.57 10.28 7.71
MNAIFIHVDIAUNDY
Mega 69.67 | 7933 | 125.00 | 11333 | 123.00 165.00 | 7450 | 12056 | 17833 | 7289 | 146.67 | 187.00
gaga 269.45 | 273.17 | 29044 | 24167 | 276.11 | 204z 33322 | 22233 | 348.00 | 396.67 | 242.83 | 395.00 | 396.67
idy 19978 | 19384 | 16544 | 12834 | 1531 | 1son 16822 | 147.83 | 22744 | 21834 | 169.94 | 24833 | 209.67
Audgaunasgiy | 5581 5469 | 5390 | 3148 | 3653 | 4991 4332 | 5292 4129 %169 | 4752 | 3873 55.51 5145 | 3933 | 5340 | 40.06
mnnlsisau 3114.24 | 2990.80 | 2904.71 | 990.68 | 133475 [,2491.11 2800.47 170500 L 100443 | 2258.30 | 1499.98 | 308159 | 2647.26 | 1546.98 | 285165 | 160441
Kurtosis -0.90 -0.83 -148 | 0.15 -0.24 m -0.74 | -024 0.07 1.34 0.89 4.41 425
Skewness 0.28 0.36 028 | 026 025 | @3 | 043 0.30 0.94 0.73 1.82 1.25
r o B

P>

&%)

8¢l
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-vlﬂﬂi’j’]ﬂ%i’]ﬂi Uszinnenumnug !Lﬁ%i%ﬁﬂﬂﬁﬁ%ﬁjﬁuuﬁﬁ

Uszantheasios Themaneng Ui Thesvanaasds
Usziamenumnniae saanIEIUBUA souuATIMYAND jauynna sa9NIENUBUA saBUATIMYAND
mMmsaziouay M@ | M | ga@E | M@ | e M) | g9 (8 WM | gaE | M@ | e | ga@E | M@ | M) | geE)
NI 27 27 27 27 27 27 27 27 27 27 27 27 27
Aundey 92.84 | 103.67 | 129.87 | 110.69 | 12625 164.98 | 3580 | 10885 | 130.89 | 5724 | 12992 | 137.54
AnlsegIu 88.67 | 90.50 | 11939 | 103.67 | 126.11 165.33 | 25.60 95.67 118.00 | 53.00 | 120.00 | 134.50
\J 4‘
Amanaou

y 6.74 8.86 1031 | 6.67 7.16 856 | 4.40 8.13 9.01 | 551 11.04 7.25
MAIFIUVBIAUNDY
Mega 1200 | 3867 3778 | 65.00 | 67.50 6333 | 778 39.50 5167 | 13.83 | 59.28 83.33
Mgga 17044 | 19289 | 236.67 | 21667 | 23889 | 214 27533 | 8144 | 19117 | 247.78 | 148.00 | 366.56 | 215.00
iy 15844 | 15422 | 198.89 | 151.67 | 17139 | 157.50 f_! 21200 | 73.66 | 15167 | 196.11 | 13417 | 307.28 | 131.67
Audlsauunasgiy | 3500 | 4604 | 5356 | 3467 41237 3947 57.40 | 51.21 43.02 4450 | 22.88 4224 46.82 | 2862 | 5735 37.69
: ‘= o
manuusilsau 1224.90 | 2119.58 | 2868.92 | 1201.76 5#8%6 s Ay| 1980.07 | 52348 | 178400 | 219192 | 819.04 | 328926 | 142090
Kurtosis 031 -1.16 -0.64 1.87 I 0.'38 £ 0.86 | -0.76 -0.90 041 | 422 1112 -0.86
Skewness 0.13 0.39 0.43 1.10 E—Tq a%‘fﬂ 0.73 0.41 088 | 176 2.86 0.46

6¢€1
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AN 4.13 HKANINATOVAITLIZNITATIINY (Detection Distance)
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dszantheeses Themanengéan fhedvanands

Uszanenumviuz sa9NsEIHEUA soguATIUYAAD idauyana 599NsEUEUA soguATIUYAND

A5 (NN./BN.) 20 40 60 20 40 60 20 40 60 20 40 60
U 27 27 27 27 27 27 27 27 27 27 27 27
Fh!ﬂétl 173.68 168.37 171.22 201.10 182.25 216.55 209.17 214.03 203.31 218.33 210.49 200.28
Fhﬁﬁﬁlgﬁr! 165.33 161.10 167.17 197.22 173.89 217.83 217.17 210.25 206.67 222.33 213.70 215.33
mmandou

.4 10.88 10.26 11.78 9.74 6.84 7.95 12.57 15.49 13.12 12.32 16.67 9.94

A3§IHVRIAINTY
ﬂW%Tqﬂ 86.06 79.33 69.67 118.33 113.33 101.67 122.2 ﬁ‘;‘—. . __.T 137.00 84.50 86.44 74.50 101.67 72.89 103.50
MgIga 270.56 290.44 273.17 290.72 261.33 | i il 324.83 293.33 396.67 330.50 395.00 396.67 285.33
et 184.50 211.11 203.50 172.39 148.00 187.83 208.83 310.23 256.00 293.33 323.78 181.83
Fiwﬁ'mmummgm 56.54 53.31 61.22 50.62 35.55 60.10 48.71 "" 12.75 41.31 65.30 80.47 68.18 64.01 86.63 51.64
manulsisu 3197.11 | 2841.99 | 3747.31 | 2562.63 | 1264.0 3612.27 | 2683 2372.29 | 1827.52 X 1706.21 | 4264.10 | 6475.78 | 4648.86 | 4097.15 | 7504.45 | 2666.19
Kurtosis -1.44 -0.10 -0.99 -0.89 0. 8 8 0.57 -0.96 0.06 -0.67 0.78 -0.38 -0.89
Skewness 0.20 0.54 0.11 0.23 0.75“ 0.01 -0.30 @2 1.12 ﬂ64 0.20 w -0.47 0.69 0.01 0.43 0.22 -0.48

o
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Vi

g
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A1519% 4.14 HaNSNATOUAITLILNITUBNTU (Legibility Distance) °
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9 o 3 o A
jvlﬂﬂﬂw%ﬂﬂ‘i ﬂizm‘nmu‘wmuz UAZITAUNIULSIVUY

szantheases Themanenguéiai Thedrivananss

Uszanenumvive sadnIEIUEUA soBuATIMYAND Sduyana sa9NIEUBUA souuATIUYAND

AIIS (AN 20 40 60 20 40 60 20 40 60 20 40 60
$1u 27 27 27 27 27 27 27 27 27 27 27 27
Aunde 11537 | 10923 | 10177 | 138.80 | 12226 14252 | 11284 | 9226 | 7045 | 11470 | 11077 | 99.22
AiBEgIY 105.00 | 89.44 | 9050 | 14056 | 126.11 150.00 | 10733 | 8833 | 66.67 | 118.00 | 108.44 | 106.67

Al d‘
Ammanaey

oo 846 | 1067 | 831 7.69 7.85 666 | 1369 | 9.16 717 | 1118 | 1341 | 678
MATFIUVDIAUNAY
Avga 4706 | 3778 | 1200 | 7961 | 65.00 8322 | 6333 | 778 | 1444 | 867 | 3989 | 2111 | 13.83
Agegn 19333 | 236.67 | 181.00 | 238.89 | 206.11 | Tr— = 722 | 20533 | 24778 | 19444 | 12383 | 21500 | 36656 | 14800
|
e 14627 | 198.89 | 169.00 | 15928 | 141.11 094 T40.00 | 14200 | 240.00 | 180.00 | 115.16 | 175.11 | 34545 | 134.17
4F
Audoauuanasgiy | 43.94 | 5545 | 4317 | 3994 | 4080 53.06 | 4115 | 3462 | 7114 | 4758 | 3725 | s812 | 69.69 | 3523
' #
Anmlsisou 1930.78 | 3075.06 | 1864.07 | 1595.23 | 166 ﬂ 1198.44 | 5060.84 | 226344 | 1387.25 | 3377.38 | 4856.61 | 1241.10
LI | L I |
Kurtosis 093 | 027 | -042 | 031 | -03 041 | Lis | op 978 | -035 | -095 | -006 | -124 | -053 | -1.33 | -131 | 598 | -0.18
L o
Skewness 033 | 097 | 020 | o Q—m M qm ﬁf‘ gﬂ M5g 002 | 003 | 022 | 034 | 184 | -081
i L

124!
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(D) 3282NMINTIINY (Detection Distance)

Type III Sum Degrees of
Source Mean Square ~ F-value P-value
of Squares Freedom
Speed 5073.325 2 2536.662 2.230 0.117
Height 6677.515 2 3338.758 2.935 <0.062"

Retroreflectivity 12023.283 10.571  <0.000

Speed * Height 283.432 0.249 0.909
Speed * Retroreflectivity 2516.264 2.212 <0.080"

Height * Retroreflectivity 7722 <0.000

Speed * Height * . AN : 15.957 0.629 0.749
Retroreflectivity

Error ¥ | WAL137.392

Total

Corrected Total

“p<0.01., p<0.05, p<0.1]

Source F-value  P-value
Speed 2246  0.116
Height 6076.701 2326 0.107
Retroreflectivity 176 5.618  <0.006

ﬂummmwm

Speed * Retroreﬂect 5640. 022‘ 1410.00 1.079 0.376

- RRININTHUNINYINY:

Speed * H?ht * 967.22 0.740 0.656
Retroreflectivity

Error 70539.107 54 1306.280

Total 1429669.200 81

Corrected Total 126055.839 80

“p<0.01., p<0.05., p<0.10.
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Gl']i'Nﬁ 5.2 MsuaznaNunlsUsiuvesidene s ezn1sATIIND LASTLIZNITNDURY
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vosihevga Tagsnouadiuyana

() 5292N1591523NY (Detection Distance)

Type III Sum Degrees of
Source Mean Square F-value P-value
of Squares Freedom
Speed 4189.698 2 2094.849 1.335 0.272
Height 12305.310 2 6152.655 3.921 <0.026
Retroreflectivity 4 14292.746 9.107  <0.000
Speed * Height é 276.080 0.176 0.950
Speed * Retroreflectivity 930.886 0.593 0.669
Height * Retroreflectivity 5213.409 2.048 0.101
Speed * Height * ' ; 1279.958 0.816 0.592
Retroreflectivity '
Error
Total
Corrected Total
"p<0.01., p<0.05, p<0.1%¥
@) s 3_8' T aility Distance)
Source = = Square F-value P-value
3 <

Speed | 39 1786382 1.201 0.309
Height 15916 937 7958.468 5352 <0.008
Retroreflectivity ﬂ u B q;mﬂ VI 5 ﬂ ﬂ ’]'ﬂj 5.375 <0.007""
Speed * Height 354 0.840
Speed * Retroreﬂectwlty 2.619 | 4.319 <0.004"
Height *g m:clla Q ﬂ jzgu u “ ’.] q V] ﬂla EJ723 0.580
Speed * Helght * 4095.822 8 511.978 0.344 0.944
Retroreflectivity
Error 80305.525 54 1487.139
Total 1968435.500 81
Corrected Total 151974.589 80

“p<0.01., p<0.05., p<0.10.
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() 5282NINTIINY (Detection Distance)

Type III Sum of Degrees of
Source Mean Square F-value P-value
Squares Freedom
Speed 4423.314 2 2211.657 1.190 0.312
Height 5804.470 2 2902.235 1.561 0.219

Retroreflectivity 219307 109653.575 58976  <0.000

Speed * Height 2154.567 1.159 0.339
Speed * Retroreflectivity 3991.259 2.147 <0.088"

Height * Retroreflectivity . ‘ ‘ \ 3058.383 1.645 0.176

Speed * Height * j A\ N 75 061 0,550 0790
Retroreflectivity

Error Y W 859.305

Total

Corrected Total

"p<0.01., p<0.05, p<0.1]

ioility Distance)

X

Source 4 7 & 040 Square  F-value P-value

Speed ~ = 1748.927 0.880 0.421

Sy

Height 548.182 #274.091 0.138 0.872
Retroreflectivity 045508  26.685  <0.000
et ﬂ we 3UuN3 ﬂ 2 ﬂ S e s
Speed * Retroreﬂect ity 18831.916 ¢ 4707. 979 2.368 <0.064"
Height qa Q r!ﬁf“ u “ ’1 q V] gjj@ B 434 0.784
Speed *iht * 0.536 0.824
Retroreflectivity

Error 107344.150 54 1987.855

Total 1198675.449 81

Corrected Total 249850.097 80

“p<0.01., p<0.05., p<0.10.
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() 5282NINTIVINY (Detection Distance)

Type III Sum of Degrees of Mean
Source F-value P-value
Squares Freedom Square
Speed 381.231 2 190.615 0.066 0.936
Height 48253.996 2 24126998 8361 <0.001""

Retroreflectivity 10287.226  3.565 <0.035"

Speed * Height 2310.903 0.801 0.530
Speed * Retroreflectivity 286.173 0.099 0.982

Height * Retroreflectivity . ‘ ‘ , 3236.841 1.122 0.356

Speed * Height * . AN o 08006 0.280 0.970
Retroreflectivity \

Error <4 | 'q

Total

Corrected Total

"p<0.01., p<0.05, p<0.1]

ioility Distance)

Source £ ni3quare  F-value P-value
- — -

X

Speed ~ - /53.871 0.848 0.434

Sy

Height 32303.494 151747 10918  <0.000
Retroreflectivity 6.617 <0.003""
e AU 15ians ﬂ ¢ ﬁﬁ
Speed * Retroreﬂect ity 4457.907 ¢ 1114.477 0 753 0.560
Height qa Q ﬂﬁm u “ "] q V] gjg’j a %ls <0.013"
Speed *1ht * 0.527
Retroreflectivity

Error 79883.613 54 1479.326

Total 1139818.710 81

Corrected Total 181125.329 80

“p<0.01., p<0.05., p<0.10.
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() 5282NINTIINY (Detection Distance)

Type III Sum of Degrees of
Source Mean Square  F-value P-value
Squares Freedom
Speed 11275.396 2 5637.698 2.346 0.105
Height 2680.985 2 1340.493 0.558 0.576

Retroreflectivity 27673.193  11.516 <0.000

Speed * Height 2317.066 0.964 0.435
Speed * Retroreflectivity 934.487 0.389 0.816

Height * Retroreflectivity #993.147 0.829 0.512

Speed * Height * 0.418 0.905
Retroreflectivity
Error
Total
Corrected Total
"p<0.01., p<0.05, p<0.1]
ioility Distance)
Source 4 7 & L&) Square  F-value P-value
: "I d ok

Speed =15032.035 3.464 <0.038

ol o

Height 1818.307 09.154 0.392 0.678

10.380  <0.000

e ﬂuﬂﬁﬂmﬂ Tl T2 S

Speed * Retroreﬂect ity 27659.111 ¢ 6914.778 o 5 2982 <0.027"

Height qa Q fl?jzfu u “ "] q V] m a 3293 0.882
ced *iht * 633 97.829 517 0.839

Retroreflectivity

Error 125203.034 54 2318.575

Total 1298247.340 81

Corrected Total 242513.923 80

“p<0.01., p<0.05., p<0.10.
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() 5282NINTIINY (Detection Distance)

Type III Sum of Degrees of
Source Mean Square  F-value P-value
Squares Freedom
Speed 1557.165 2 778.583 0.359 0.700
Height 33909.173 2 16954.587 7.820 <0.001""

ok

Retroreflectivity 213714 .54 106857.259 49.285 <0.000"

Speed * Height 1347.001 0.621 0.649

Speed * Retroreflectivity 2608.455 1.203 0.320
Height * Retroreflectivity ‘ ‘ , 151.294 0.531 0.713
Speed * Height * , . A\ W 2,079 0.863 0.553

Retroreflectivity

Error
Total

Corrected Total

"p<0.01., p<0.05, p<0.1]

ioility Distance)

Source i (& Pquare  F-value P-value
- — -

X

Speed - 131.343 8.843 <0.000""
Height = 4668.895 34,447 1.702 0.192
Retroreflectivity 66 48.760 <0.000
e AU N3 ﬂ YNHS e
Speed * Retroreﬂect ity 7112.162 ¢ 1778.040 1 296 0.283
- RRANNINININGAN Y
Speed *iht * 4.62 42 0.900
Retroreflectivity

Error 74076.469 54 1371.786

Total 934081.276 81

Corrected Total 250762.282 80

“p<0.01., p<0.05., p<0.10.
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20 162.06 42.67 | 286.56 258.44 290.72
40 165.56 193.78 180.44 261.33
60 171.17 208.67

Detection Distance (m)

Factor C

(Travel Speed,
Factor B (Sign Height, m)

Factor B
km/hr)
0 0 1.5 3
20 215.28 217.83 | 253.44 179.06 25433
40 182.89 1.44 | 236.11 235 256.89 333.22
60 239.1 7. 8% 198.17 173.17 195.33

d - Detection Distance (m)

a.10n, R cd/lx/m)

Factor C
L M H
(Travel Speed, g
ctor i actor B (Sign Height, m)
km/hr) r _AI

0 5 d 15 3
20 ”49.5 213.11 285.06 291.17
ﬁl m mmigi I % 244 | 396.67
601 133.5 103.5 225.17 250.67
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Factor C

L

M

H

(Travel Speed,

Factor B (Sign Height,

km/hr)
0 1.5 |
20 95.44
40 73.33

60

Factor C

(Travel Speed,

km/hr)
0
20 123.78
40 94.44 86
60 157.6

Factor C

(Travel Speed,

(Sign Height, m)

Factor B (Sign Height, m)

0 1.5 3
153.61 141 200.61
267 | 117.89 136 205.44
103.78 119.33
Legibility Distance (m)

ection, R, cd/lx/m’)

H

Factor B (Sign Height, m)

0 1.5 3

151.17 | 221.61 161.28 212.72

33 | 13422 | 116.33 163.33 135.56
1.17.1 147.5 101.25 117.67

ps
= 4 - Legibility Distance (m)

clest 100, R, cd/lx/mz)

H

actor B (Sign Height, m)

“0 1.5 3
2 _ 6.4 9. 40.44 187.1 121.67 201.83
ﬁq vu % 245 8.44 83.33
60q 45 36.83 | 13.83 118.67 103.7 121
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MOTORCYCLE, T-JUNCTION SIGN

Detection Distance (m)

Factor C

(Travel Speed,

Factor A (Coefficient of Retroreflection, R, cd/lx/mz)

L

M

H

Factor B (Sign Height,

(Travel Speed,

km/hr)
20 196.22
40 114.56
60
Factor C

} (Sign Height, m)

Factor B (Sign Height, m)

0 1.5 3
270.56 247.22 248.89
182.2 161.1 264.44
158.33 155 185
Detection Distance (m)

ection, R, cd/lx/m’)

H

Factor B Factor B (Sign Height, m)
km/hr)
0 1.5 3
20 200.83 215.56 221.11 236.11
40 .78 | 341.11 | 236.67 227.78 212.22
60 184,17 _ 198.33 21045 193.37
Fa ‘ Detection Distance (m)
i
l=miion, R, cd/lx/mz)
Factor C ¥
L M H
(Travel Speed, r i
ctor i i to i ei m actor B (Sign Height, m)
km/hr) 1?% _ﬂf
obd|LJ)sd| | Y ) d 1.5 3
20 31.44 139.11 222.33" 204.33 | 215. 290.17 | 2594 286.67 271.11
BL g o b ol it M
i i i T i = 1 =
60q 96.5 172 213.17 171 213.83 | 243.67 | 178.33 295 206.67
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MOTORCYCLE, T-JUNCTION SIGN

Legibility Distance (m)

Factor A (Coefficient of Retroreflection, R, cd/lx/mz)

Factor C
L M H
(Travel Speed,
Factor B (Sign Height, ! (Sign Height, m) Factor B (Sign Height, m)
km/hr)
0 0 1.5 3
20 80.84 138.33 193.33 172.78
40 40.67 106.67 84.44 236.67
60 12 56.67 90 80
Legibility Distance (m)
vection, R,, cd/lx/m’)
Factor C
H
(Travel Speed,
Factor B Factor B (Sign Height, m)
km/hr)
0 0 1.5 3
20 74.17 176.67 201.11 204 .44
40 29.33 | 23.67 3% 13933 | 81.11 104.44 118.89
TR
60 48.83.L 75 ELrovs | 7833 | 11167 71.67
My Cf——; ‘ Legibility Distance (m)
) b
l=iion, R, cd/lx/mz)
Factor C i
M H
(Travel Speed,
0, i i , actor B (Sign Height, m)
km/hr)
. 1.5 3
20 7.78 27.89 12.67 & 171.67 175.& 164.35 187.22q, 221.67 200
Q m rl]la q 6 6 11 ga Wf’) 95 ﬂ 7.78 83.33
60q 1599 | 24.89 22.67 77.67 95.67 66.67 51.67 96.67 66.67
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Factor A (Coefficient of Retroreflection, R, cd/lx/mz)
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Factor C

L

M

H

(Travel Speed,

Factor B (Sign Height,

Factor C

(Travel Speed,

km/hr)

0 1.5 |
20 146.89 | 179"
40 162.22
60

Factor B °
km/hr)
0
20 256.39
40 274.44 | 152.11 | 1o
60

(Sign Height, m)

Factor B (Sign Height, m)

0 1.5 3
260.22 179.94 210.5
139.11 152.44 260.78

250.5 252.5

Detection Distance (m)

Factor B (Sign Height, m)

0 1.5 3
£0. 1.8 224.11 | 325.11 2717.39 227.5
-/.78 | 189.78 | 257.11 197.33 238.33
03.17=1 263.5 270.83 324.83

.;‘ P - Detection Distance (m)
!

Sietmsiion, R, cd/lx/mz)

Factor C lj i
L M H
(Travel Speed, r 4
I i 0, i i actor B (Sign Height, m)
- RTINS
0 .5 ; j g J 1.5 3
20 ﬂ8.22 134.61 | 153.734] 225.39 270.& 222.56 | 245.1 256.33 279.44
' ‘ .
Q_ﬁ 1 ﬂﬁ f\ rl];f 20p. 067 | 29222
- L] - L]
601 242.83 | 166.83 199 197.83 | 239.67 | 221.83 | 253.67 246.5 285.33
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Factor A (Coefficient of Retroreflection, R, cd/lx/mz)

Factor C
L M H
(Travel Speed,
Factor B (Sign Height, (Sign Height, m) Factor B (Sign Height, m)
km/hr) v
0 1.5 | ﬂ 3 0 1.5 3
20 11111 )7 44 | 14839 | 14578 | 104.89
40 128.2 111.33 86.56 192.33
60 169.33 166.33

Legibility Distance (m)

ection, R, cd/lx/m’)

Factor C
H
(Travel Speed,
Factor B ¢ Factor B (Sign Height, m)
km/hr)
0 0 1.5 3
20 154.56 s 208.33 148.56 175.89
P s ’
40 207.33 | 87.56 v.22 | 156.78 | 187.22 95.78 165.33
60 . = L 02.33_1 154.17 167.33 150.67

ps
= 4 - Legibility Distance (m)

clest 100, R, cd/lx/mz)

Factor C 1 ¥
H
(Travel Speed,
ctor i m actor B (Sign Height, m)
km/hr)
0 P 15 3
20 ?1.56 59.28 119.17 96.72
—Qmna WEANE=
601 148 74.17 96.67 91.67
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MOTORCYCLE, T-JUNCTION SIGN

Detection Distance (m)

Factor A (Coefficient of Retroreflection, R, cd/lx/mz)
Factor C
L M H
(Travel Speed,
Factor B (Sign Height, } (Sign Height, m) Factor B (Sign Height, m)
km/hr)
0 0 1.5 3
20 100.28 128.94 132.94 141.5
40 91.89 146 167.89 290.44
60 115.83 230.33 250 267.33
Detection Distance (m)
vection, R,, cd/lx/m’)
Factor C
H
(Travel Speed,
Factor B Factor B (Sign Height, m)
km/hr)
0 0 1.5 3
20 143.94 280.28 250.11 234.44
40 123.44 | 125.33 | 2¢° '3.22 | 134.56 | 195.22 80.56 231.56
e SN
60 165.%? 89 N 0 7.67= 288.83 263.5 260
- L
— ":‘ Detection Distance (m)
etmion, R, cd/lx/mz)
Factor C i
H
(Travel Speed, -
r B4 [t 0, i i actor B (Sign Height, m)
eanvh) ‘ﬁiﬂ‘? %H‘% ﬂ%!iﬂiﬁﬁ“? P
ok ! | Jd B d 1.5 3
20 ﬂ7.5 . 84.5 @ 185.11 214.& 286.67 217.1'“’ 209.11 292.94
™ (
w 1 A&Qf; 74 ] 12b 56 '} \ <! 320
. L - L] - ’ L - - T— L]
60q 101.5 144 74.5 188.17 | 320.67 224 271.33 251.33 282.67
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MOTORCYCLE, T-JUNCTION SIGN Legibility Distance (m)
Factor A (Coefficient of Retroreflection, R, cd/lx/mz)
Factor C
L M H
(Travel Speed,
Factor B (Sign Height, } (Sign Height, m) Factor B (Sign Height, m)
km/hr)
0 1.5 3
20 72.67 116.28 102.78 119.39
40 50.78 82 37.78 226.33
60 150.5 162 181
Legibility Distance (m)
vection, R,, cd/lx/m’)
Factor C
H
(Travel Speed,
Factor B Factor B (Sign Height, m)
km/hr)
0 1.5 3
20 73.5 158.56 179.78 150.72
40 62.22 1.22 ‘ 87.33 | 118.67 62.56 137.33
60 102.323 5.17 153.33 126.33 123
- Fa ‘ Legibility Distance (m)
i
l=iion, R, cd/lx/mz)
Factor C ¥
L M H
(Travel Speed,
ctor S‘ i to eight m actor B (Sign Height, m)
km/hr) 1
ol )sd| | 1 1.5 3
20 “35 81.28 15.17‘ 39.5 83. 55.11 115.76 107.33
ﬁl ﬂ&l 8y.78 ﬁ 0.56 147.78
609 65.17 | 11933 | 57.17 107 110.5
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Anderson-Darling Normality Test
A-Squared 0.45
P-Value 0.281
Mean 200.75
StDev 59.38
Variance 3525.70
Skewness  0.218675
Kurtosis 0.134276
N 486
Minimum 62.11
1st Q uartile 158.16
Median 203.37
L y 3rd Q uartile 240.17
4|:|_ N d Maximum 396.67
% ' 4 ® 95% Confidence Interval for Mean
195.46 206.05
95% Confidence Interval for Median
194.15 209.42
95% Confidence Interval for StDev
Mean]
55.86 63.37
Median
A ; 9
3‘]J‘Vl 13 NTNATDUNITF 10n) UDIVIYATLYSNITATIINDY

959% Confidence Intervals 107.74

Mean- ' . ! 49.83

\:,. Anderson—DarIing Normality Test
‘ A-Squared 0.76
P-Value 0.047
Mean 116.61
StDev 52.96
V ariance 2805.26
kewness  0.456320
% urtosis 0.649830
486
Minimum 7.78
B . 1st wytile 79.37
’iq d } M n 114.33
1 1 { a 151.25
| ¥ ! ] | MUl 366.56
q 95% Confidence Interval for Mean
111.89 121.33

95% Confidence Interval for Median

119.17

95% Confidence Interval for StDev

56.52

Median{ | 1 i

T T
110 115 120

U

. - <
519 A14 MInadeumsnszneuuulnd (Normal Distribution) Gumﬂﬁ’mg,aizﬂzmﬁummu
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